Two children presented with autoimmune alternating hypo-and hyperthyroidism related to the presence of blocking and stimulating thyroid antibodies. It was difficult to control their thyroid function adequately with an appropriate single drug regimen, and both children underwent total thyroidectomy with subsequent stable management with levothyroxine replacement therapy postsurgically. Although this phenomenon is well described in adults, this report is the first of such occurrence in children. The possible mechanism for the variation in the type of clinical presentation and options for management are discussed.
Background
Common presentations of autoimmune thyroid disease include hypothyroidism due to Hashimoto's thyroiditis, in which the gland is destroyed by cellular immunity, and hyperthyroidism due to Graves' disease, in which the gland is chronically stimulated by antibody. Here we consider 2 immune-mediated cases in which there was evidence of both hypo-and hyperthyroidism. The first patient presented with autoimmune hypothyroidism and then alternating hyper-and hypothyroidism and the second patient manifested with hyperthyroidism and reverted to hypo-and then again to hyperthyroidism with minimal adjustment in medications. Both thyroid-stimulating hormone (TSH)-binding inhibitor immunoglobulin (TBII) and thyroid stimulating antibodies (TSAb) are usually demonstrated in adult patients with Graves disease, 1 whereas TSAb are not demonstrated in hypothyroid patients with blocking antibodies. 2 Takeda et al 3 suggested the possibility that both types of TSH-receptor antibodies may coexist in one patient, and his or her thyroid function may change depending on the alteration in balance between these 2 types of antibodies. Although this situation is known in adults, to our knowledge, this is the first report of both types of presentation in children.
Case 1
A girl at 5.25 years presented for evaluation of hypothyroidism. Labs had been obtained by her primary care physician because of family report of increased weight 1 Monore Carell Jr. Children's Hospital at Vanderbilt, Nashville, TN, USA gain. At that time, laboratory data showed a TSH of >100 µU/mL and total thyroxin of 3.3 ng/mL (normal: 5.5-12.3 ng/mL; see Table 1 ). She was initiated on Synthroid 25 µg daily and based on thyroid function test results, the dose gradually increased to 88 µg/d. Her thyroid labs became normal within 2 months of starting therapy. Clinically, she did lose some weight and her mother noted that the child appeared to have more energy. There was no family history of thyroid disease or any known autoimmune disease. Physical exam demonstrated her height at 114.4 cm (90th percentile) and weight at 33.3 kg (>95th percentile). Physical exam was unremarkable, including no thyromegaly. She tested negative for thyroid antibodies commonly associated with Hashimoto's thyroiditis, including antithyroid peroxidase and antithyroglobulin. About 3 months into treatment, she was noted to have hyperthyroxinemia and undetectable TSH on follow-up monitoring. She had no new clinical findings suggestive of hyperthyroidism, and she was slowly weaned off thyroxine replacement. After cessation of therapy, her free thyroxine remained slightly elevated. These levels remained just out of range over the next month. She then had a technetium scan of her thyroid, which showed homogeneously increased uptake throughout the right and left lobes of the thyroid. She was initiated on methimazole (MTZ) for a short period during which time she developed hypothyroidism.
Because of the unexpected switch from hypothyroidism to hyperthyroidism and back to hypothyroidism, she underwent thyrotropin receptor antibody testing. Lab results revealed elevated thyroid-stimulating immunoglobulins (TSI) at 224 IU (normal adult <125 IU). The thyroid-binding inhibitory immunoglobulin (TBII) test also came back as elevated at 33 IU (normal = 0-14 IU). Her thyroglobulin antibodies were <0.3 U/mL (normal = 0-0.2 U/mL) and thyroid peroxidase antibody was 0.8 U/mL (normal = 0.-2.0 U/mL).
Her TSH and free T4 levels became normal in the next 2 months in the absence of any treatment. However, she then developed bouts of tachycardia and faintness. Repeat labs demonstrated free T4 of 3.1 ng/dL and TSH <.01 µU/mL. She was treated with MTZ 10 mg per os twice a day for the next 2 months, which was stopped when she became hypothyroid again ( Figure 1 ). Subsequently, she had another bout of normal thyroid function followed by hyperthyroidism, detected both biochemically and symptomatically. Because of the need for frequent monitoring as well as anxiety of her parents about these episodes, thyroidectomy was performed. Thyroid labs and clinical status normalized on thyroid hormone replacement thereafter.
Case 2
An 8-year-old girl was evaluated for hyperthyroidism due to weight loss over the previous 6 months, increased hunger, and excessive tiredness. On evaluation in the clinic, she was fidgety, had thyromegaly of about 5 times the normal adult size (100 g), had resting tachycardia (110 beats/min), had no exophthalmos, and was prepubertal. Her thyroid function tests (TFT) at referral by the primary care physician showed TSH = 0.01 µIU/mL (normal = 0.5-4.3 µIU/mL) and free T4 (FT4) = 4.8 ng/ dL (normal = 0.9-1.6 ng/dL; see Table 2 ). Repeat TFT at initial evaluation confirmed hyperthyroidism (TSH = 0.04 µU/mL, free T4 = 4.79 ng/dL). TSI qualitative = 183% (normal: <130%), antithyroglobulin antibody = 6753 U/ mL (normal = 0-40 U/mL) and antithyroid peroxidase antibody = 3065 U/mL (normal = 0-40 U/mL) were elevated. She was initiated on MTZ 0.7 mg/kg/d and propranolol. Propranolol was discontinued about 2 weeks later when the sleeping pulse rate was <80 per minute. She was compliant with her medications.
Repeat TFT 1 month after initiation of MTZ showed normal free T4 (1.0 ng/dL), but suppressed TSH (<0.01 µU/mL). By 2 months into treatment, while on the same dose of MTZ, her TSH became elevated (97.24 µU/mL) with low FT4 (0.4 ng/dL). MTZ dose was reduced to 0.25 mg/kg/d. Repeat TFT 2 weeks later while on reduced dose of MTZ showed slightly elevated T3, but normal FT4 and TSH (T3 = 310 ng/dL; FT4 = 1.1 ng/dL; TSH = 2.67 µU/mL). She was evaluated in the clinic 3 weeks later and was noticed to be fidgety and unable to sit still. She gained 2.16 kg in the interim since diagnosis. TFT revealed recurrence of thyrotoxicosis (FT4 = 1.81 ng/dL; TSH: 0.04 mcU/mL). MTZ dose was increased back up to 0.7 mg/kg/d (Figure 2 ). She has had few episodes of recurrence of hypothyroidism while on standard MTZ dose and resurgence of hyperthyroidism when the MTZ dose was reduced. During the period of hypothyroidism, she became more tired and goiter reappeared and when hyperthyroid she became very fidgety and hyperactive. She was demonstrated to have elevated thyrotropin receptor-binding inhibitory immunoglobulin (TBII) at 94% (normal = <16%), TSI at 247 % (normal: <125 %); and thyrotropin receptor antibody >40 IU/L (normal = <1.75 IU/L) confirming the presence of both thyroid stimulating and thyrotropin receptor blocking antibodies accounting for her swings in clinical presentation and thyroid function tests while on modest doses of MTZ. Because of her age, parental preference, and size of the thyroid goiter, she underwent total thyroidectomy, about 16 months after her initial diagnosis of Graves's disease. Since surgery she has done well on levothyroxine supplementation with fewer blood tests, fewer clinic visits, and less worry and anguish to the patient and her parents alike.
Discussion
One child each initially received a presumptive diagnosis of antibody-negative and antibody-positive Hashimoto's thyroiditis leading to hypothyroidism and antibodypositive thyrotoxicosis, respectively. Neither child had evidence of ophthalmopathy. When they subsequently developed hyperthyroidism and hypothyroidism, respectively, those diagnoses were questioned as hashitoxicosis would more commonly precede the development of hypothyroidism and it is very unusual for those patients to go back to hyperthyroidism again. Overtreatment or lack of compliance with treatment was also possible, but their parents were reliable and made sure that both children complied with their treatment. Antibody testing revealed both stimulating and blocking antibodies in both children. Presumably, changes in the relative proportions/ affinities of these antibodies over time gave rise to the transient, but recurrent, nature of their symptoms. Ultimately, thyroidectomy prevented further bouts of hyperthyroidism and hypothyroidism, simplified management for family and providers and reduced the overall cost while increasing the efficiency and convenience of care for the patients and their families. Blocking TSH receptor antibodies (TSHRAb) are found in a significant number (18.5%) of patients with untreated hyperthyroid Graves disease in adults, and the presence of blocking antibodies is associated with clinically significant ophthalmopathy. 4 Neither of our patients had significant ophthalmopathy. The association of blocking TSHRAb with ophthalmopathy may be an epiphenomenon reflecting the presence of a more severe degree of autoimmune response against the TSH receptor (TSHR) in patients with ophthalmopathy than in patients without ophthalmopathy. 5 Thus patients with ophthalmopathy would have higher titers of both stimulating and blocking autoantibodies for TSHR, and in general, these patients would have severe immunologic perturbations targeting the TSHR. It is also possible that Graves's patients with ophthalmopathy may have qualitatively different TSHRAb from those without ophthalmopathy. Blocking TSHRAb activity is preserved in this group relative to TBII activity and the 2 are associated with one another. 6 Studies from multiple laboratories 6, 7 have demonstrated that stimulating TSHRAb differ from TSHRAb that inhibit TSH binding (TBIIs) or block TSH activity; and that Graves TBIIs do not inhibit stimulating TSHRAb activity. 8 Some, but not all, TBIIs are functional and can activate the inositol phosphate signal transduction system. 9 TBIIs associated with hypothyroidism were shown to be different from Graves TBIIs. 10, 11 and were shown to have their functional epitope on the C-rather than the N-terminus of TSHR extracellular domain. 12 It is shown that there are 2 different TBII populations in Graves patients. 13 One termed type 1 Graves TBII is unlikely to affect the stimulating TSHRAb activity to induce hyperthyroidism but could influence the course of disease during therapy. As the stimulating TSHRAb are decreased by MTZ and as TSH levels return to normal, this type of TBII could cause hypothyroidism by blocking TSH action. 11 Type 2 Graves TBII target a different functional epitope from type 1 TBII, residues between 24 and 89 instead of residues between 90 and 165. These antibodies could have important functional consequences in increasing iodide efflux, increasing iodination of thyroglobulin by activating the peroxidase system, and increasing thyroid growth in concert with antibodies increasing cAMP levels. 14 Graves's and Hashimoto's patients have a diversity of IgGs. 15 Variations in the type of TBII might explain the variations in clinical presentations in our 2 patients. It has been suggested 6 that the term blocking TSHRAb is best reserved for the TBII autoantibodies that inhibit both stimulating TSHRAb and TSH activities and that a Graves TBII should not be equated with it, because it has a different functional epitope and is not a blocker of stimulating TSHRAb activity.
Management of children with autoimmune alternating hypo-and hyperthyroidism is challenging both from a medical and familial perspective. We would have considered I-131 ablation of the thyroid rather than surgery if the children were older (>10 years). Moreover, as alternating hyper-and hypothyroidism are more commonly associated with opthalmopathy, 4 radio-iodine therapy may involve some risk of appearance, progression or worsening of ophthalmopathy although this association remains controversial. 16, 17 One of the major advantages of surgical treatment that appeals to many children and their families is the rapid reversal of symptoms, especially thyrotoxic symptoms, whereas a 6-to 12-week delay in symptom resolution is not unusual for patients receiving radio-iodine therapy. 18 Adding levothyroxine along with usual MTZ dose for their treatment would have been another option but was not considered because each of those 2 patients presented with typical primary hypothyroidism and Graves disease, respectively, initially and went on to develop the opposite phase during treatment. Titration of individual drugs to achieve euthyroid status would have required frequent office visits and blood draws with added worries, expense, and inconvenience to the individual child and her parents. The oscillating thyroid status also produced frustration in the parents, and they were reluctant to engage in further medical therapy when definitive therapy was available. Once both blocking and stimulating antibodies were confirmed as the reason for their alternating clinical presentation, thyroidectomy became the obvious choice to achieve a more permanent definitive solution, and this procedure subsequently reduced the frequency of hospital or clinic visits, blood tests, and the inconvenience and expense associated with those steps.
